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Abstract 
A wide bandwidth low actuation voltage RF MEMS capacitive shunt switch is designed and simulated. The proposed 
switch is designed for a low actuation voltage of 12 volts applicable to wireless systems. High frequency 
characteristics of the RF MEMS switches can be specified by coupling capacitors in up-state position Cu. This 
capacitor is in trade-off with actuation voltage. In the proposed switch, the capacitor is compensated by incorporating 
two short high impedance transmission lines as a T matching circuit. Simulating the switch demonstrates great 
improvement in RF characteristics of the switch particularly in reflection coefficient in up-state position. 
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1. Introduction 
Micro electro mechanical systems (MEMS) have enabled a new generation of electronic devices, 
particularly switches. The switches can be made very small, and designed to deliver good bandwidth and 
linearity. MEMS switches can be employed in radio frequency RF circuits, and their performances could 
be made better than those of other standard switches such as FET, and PIN diodes. This is due to their 
good linearity, low noise, low power consumption, high electrical isolation, ultra wide frequency band. 
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RF MEMS switches are however faced with such issues as reliability and electrostatic discharge (ESD) 
stresses [1, 2], RF power handling [3, 4], and packaging. A key challenge is to develop high performance 
MEMS switches by lowering the actuation voltage for use in wireless communication applications. 
Different methods have been employed to tackle this issue including lowering the constant of the spring [5, 
6], incorporating piezoelectric actuation [7-10], using tantalum nitride for transmission line and tantalum 
peroxide as dielectric layer [11], or other designs [12, 13]. Lowering the height of the gap of the coupling 
capacitor shunt switch deteriorates the RF performance of the switch in up-state position due the increase 
of up-state capacitor. In addition, it has negative effects on reliability and life cycle.  In this work, this 
capacitor is eliminated by using a distributed inductance of two short high impedance transmission lines 
(HITLs). Thus, a wide bandwidth low actuation voltage RF MEMS capacitive shunt switch is proposed, 
designed, and simulated. It is expected that using the short HITLs will lead to lowering the cost of 
fabrication of the low actuation voltage MEMS switches. By optimizing the value of the parameters of the 
short HITLs, the desired switch can be achieved. 
2. Proposed MEMS Switch 
The proposed switch has 6 layers (see Fig. 1(a)): a Si substrate (300 μm), an oxide layer (0.15 μm), 
CPW (1.2 μm = 2 times of the skin depth), a SiN layer (0.15 μm), and anchor and membrane layers (2 μm 
and 1 μm). The switch has two positions up-state and down-state. While the switch is in its up-state 
position, the signal propagates from the input to the output. If the actuation voltage is applied, switch is in 
its down-state position, and the signal is reflected because of the short circuit. The RF characteristics of a 
capacitive shunt switch depend on the capacitor of the switch in its up-state position. For lowering the 
actuation voltage, the gap-height should be decreased which leads to an increase in the up-state capacitor. 
This deteriorates the RF characteristics of the switch. The up-state position of the switch with two short 
HITLs could be modeled by the electrical circuit shown in Fig. 1(b). In this circuit, the switch is modeled 
by the C, L and R components. The C component is the more dominating component at high frequency in 
this model causing a mismatch at the input and output of the switch. We therefore match the circuit by 
using two additional short HITLs incorporating two inductors (LTL) at the input and output of the switch. 
This structure forms a T matching circuit as shown in Fig. 1(b). A graphical illustration of the switch is 
presented in Fig. 1(c-d). The parameters of the switch are given in Table 1. 
 
(a)                                                                                 (b) 
  
(c)                                                                                (d) 
Fig. 1. (a) Physical structure of the switch. (b) Equivalent circuit of the proposed switch. (c) Graphical illustration of the switch. (d) 
Graphical illustration of the CPW 
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It should be noted that one other goal of the design parameters is to increase the life cycle of the switch. 
For this issue, we limit the gap-height to 2 μm. The shunt switch initially is in its up-state position and the 
switch is on. The state of the switch changes to the down-state and off-position when it is actuated. In the 
up-state position, the switch should be matched with input and output circuits. Because of the small 
capacitance between the membrane and transmission line in the up-state position, there is not an ideal 
match and a part of the RF signal is bypassed to ground by this capacitor. The reflection coefficient at the 
input is: 
                                                                   (1) 
 
The values of S11 equals or less than -10 dB guarantee a good matching at the input in the up-state 
position. For Z0= 50 Ω at 30 GHz, the value of the up-state capacitor Cu is 50.3 fF. Cu of the low actuation 
voltage switches are between 20 fF to 100 fF [4, 6, 14] for the RF frequency of up to V band. For small 
values of Cu, the area of the membrane decreases and the height of the gap increases. 
                                                                     (2) 
 
The k factor in (2) represents the effect of fringing capacitance. When k=1, the fringing capacitance in 
the up-state position between membrane and ground is comparable to the ideal capacitance. k mainly 
depends on the gap-height. For small value of g (< 0.1 μm), the fringing capacitance is negligible and k=1. 
For g=2 μm and the proposed dimension of the membrane, k is calculated from the EM simulation as 
about 1.2. Using (2), the effective area of the switch (A) is 9472 μm2. W is the width of the central line of 
the CPW whose values is 80 μm.The length of the membrane of the CPW in our design is L=118.4 μm. 
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2.1. Calculation of the actuation voltage 
One of the more commonly used beams for lowering the effective spring constant is folded flexures 
[15]. For this structure, the spring constant and actuation voltage can be calculated as follows. 
 
                                                                     (3) 
                                                                  (4) 
 
where Young’s modulus for gold E is 80 Gp, the thickness of the beam t is 1.5 μm, the gap between the 
transmission line and the membrane g is 2 μm, the membrane effective area parameters W1 is 80 μm, W2 
is 118.4 μm, and l is 80 μm. The actuation voltage which is calculated for these values is less than 12 V. 
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2.2. Estimation of Zh
The characteristic impedance of a short HITL (Zh) is a function of the dimension of the t-line, ht (depth) 
and εr of the substrate. The critical value for Zh is 84 Ω. For Zh less than this value, the switch would not 
be matched. Through calculations, the optimized and proper value for Zh is 90 Ω. For Zh larger than this 
value, the t-line’s width is increased excessively. The switch should be matched at the input and output 
(S11=0 dB). By equating S11=0 dB, the short HITL can be calculated as follows: 
 
                                                 (5) 
where Z0=50 Ω , Zh=90 Ω, Cu=50.3 fF, F=30 GHz, λ=4.8 mm. The equation is used to calculate l (l =760 
μm). Two values are found for l but due to the variation of the phase shift along the transmission line, the 
shorter l (760 μm) is selected because it makes the circuit less sensitive to frequency band. 
3. Simulation Results 
The scattering parameters of the switch with and without the short HITLs are calculated by using 
EM3DS, and presented in Fig. 2. As can be seen, the scattering parameters are improved in the up-state 
position for the switch with the short HITLs, and are desirable for the Ka and V band. Fig. 2(a) and 2(b) 
illustrate S11 and S21 for the switch with and without the short HITLs. Fig 2(a) shows that S11 is less than -
10 dB for the frequency of up to 60 GHz. Furthermore, there is desirable matching at 30GHz for S11 less 
than -45 dB, which is desired for this switch. Fig 2(b) illustrates that the insertion loss, S21, for the switch 
with transmission line in the up-state position is less than -0.9 dB from DC up to 65 GHz. Fig. 2(c) and 
2(d) show that the added short HITLs do not have significant effects on the RF parameter in the down-
state position. As can be seen from the figures, the S11 and S21 of the down-state position for the switch 
are desirable for the frequency of greater than 25 GHz. Therefore, the switch provides desirable RF 
characteristics (S11 and S21) for the Ka and V frequency band.  
4. Conclusion 
A RF MEMS capacitive coupling shunt switch was designed and simulated. Low actuation voltage 
can be achieved, partially by a proper structure design of a cantilever for minimum spring constant, 
decreasing the gap, and increasing the area of the membrane. Decreasing the gap and increasing the area 
enlarge the up-state capacitor Cu. By integrating a specific short HITL as inductance at the input and 
output of the switch, Cu can be eliminated at the desired frequency. Simulation of this design by EM3DS 
shows that the scattering parameters are better than the estimated values for the very large frequency band 
from 25 GHz up to 50 Ghz. For our specific switch, the actuation voltage was found to be 12 V.  
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(a)                                                                                (b) 
 
(c)                                                                                (d) 
Fig. 2. (a) S11 for up-state position, with and without short HITL. (b) S21 for up-state position, with and without short HITL. (c) S11 
for down-state position, with and without short HITL. (d) S21 for down-state position, with and without short HITL 
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